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Introduction

An epidemic that occurs worldwide, involving many countries 
and affecting a large population is called as a pandemic.[1] There 
are various factors which can lead to epidemics of  infectious 
diseases. These include a change in ecology of  host population 
and mutation in reservoir of  pathogen. Disease outbreaks may 
also occur when a new, emerging pathogen is introduced to a 
host population. When these epidemics become widespread, 
involving many people mostly due to effective transmission of  
disease amongst humans, they are classified as pandemics. The 
wide geographical occurrence of  these pandemics is usually by 
pathogens that are novel to human beings, having a high attack 
rate, are highly infectious and are able to mutate fast, so as to 
evade host immunity. Of  all pathogens, viruses are particularly 
common in causation of  pandemics due to their vast species 

occurrence, involvement of  non‑human hosts, rapid routes of  
transmission and higher rates of  infectivity.

Aim of  the present study is to collate data on previous similar 
pandemics, so that it can be utilized for better knowledge sharing, 
and learning from past experiences, to combat the present 
pandemic and to prepare for such pandemics in future.

Major viral pandemics in the last 2 decades mostly involved 
respiratory viruses like corona, causing 3 major pandemics 
earlier: severe acute respiratory syndrome (SARS CoV‑1), Middle 
eastern respiratory syndrome  (MERS) and ongoing SARS 
CoV‑2  (COVID ‑ 19), followed by influenza viruses causing 
Influenza A H1N1 pdm 2009 (swine flu), Ebola and Zika virus 
infections.

Pandemic  1: Severe Acute 
Respiratory Syndrome Corona Virus 

Infection (SARS‑ CoV‑1)

SARS is a respiratory illness caused by virus SARS CoV‑1 belonging 
to Coronaviridae family, and is first strain to be discovered from 
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severe acute respiratory syndrome–related coronavirus (SARS CoV) 
species.[2] The virus caused the 2002‑2004 SARS pandemic in which 
30 countries were affected. A total number of  8,422 cases were 
reported, with 11% case fatality ratio (CFR).[3] CFR varied from case 
to case depending on age‑group of  patients. CFR was <1% in people 
below age of  24, while it was >55% in those above age of  65 years.[4] 
The first case was reported in November 2002 from Guangdong, 
China. The virus was said to have originated from cave‑dwelling 
horseshoe bats found in Yunnan province of  south‑western China, 
pointing to zoonotic origin.[4,5] The transmission was through 
respiratory route from droplets or fomites. Management was majorly 
focused on reduction and control of  symptoms. There is currently 
no proven antiviral therapy to treat SARS. Preventive measures 
such as immediate isolation of  confirmed cases, wearing protective 
gears, barriers by medical practitioners during handling of  patients 
helped to control further spread of  disease.[6] Since 2004, no more 
cases of  SARS CoV‑1 have been reported. However, till date there 
is no success in making effective vaccine against virus. This could 
be due to successful control over disease, led to lack of  interest and 
delayed all ongoing efforts.[7]

Pandemic 2: Influenza A H1N1 2009 (Swine 
Flu) Pandemic

Influenza A group of  viruses had caused 2 major pandemics, 
first was the 1918 Spanish flu and other was the swine flu in 
the year 2009. In 2009, the virus originated as a result of  triple 
re‑assortment between avian, swine, and human viruses leading to 
term “swine flu” which is a misnomer as it was actually a human 
virus.[8] The infection was a typical lung infection known as acute 
respiratory distress syndrome (ARDS). All symptoms were that 
of  conventional flu or pneumonia.

It was speculated that H1N1 virus that was responsible for the 
2009 outbreak also initially circulated for several months before 
being recognized and identified as a novel strain of  influenza 
virus.[9] It first originated from Mexico. The pandemic lasted for 
about 19 months and finally was declared over in August 2010. 
Worldwide, more than 214 countries were affected. Total cases 
that were reported were close to 700 million to 1.4 billion. The 
number of  deaths reported to WHO were approximately more 
than 18,000.[10] This flu virus demonstrated a high morbidity but 
low mortality rate of  approximately 1‑4%. The pandemic was 
successfully controlled due to availability of  an effective vaccine 
that incorporated this strain. Moreover, an effective antiviral 
treatment was also available. The immunity provided by these 
vaccines lasts for 1 year therefore, the vaccine has to be taken 
annually and yearly; circulating strains of  virus are included in 
vaccine. Human beings have got adapted to the 2009 strain of  the 
virus and now H1N1 2009 pdm strain is the local circulating strain.

Pandemic 3: Middle East Respiratory 
Syndrome (MERS) CoV Infection

Middle East respiratory syndrome  (MERS), is a type of  viral 
infection involving the respiratory tract which is caused by a 

corona virus. The virus originated from camels, therefore it is 
also known as the camel flu.[11] The virus belonged to genus 
Betacoronavirus and subgenus Merbecovirus and its receptors were 
identified as dipeptidyl peptidase‑4 (DPP4).[12] It was first seen in 
a patient from Saudi Arabia in 2012. It was not very clear how the 
transmission of  the virus took place from camels to humans. The 
WHO advised to avoid eating un‑cooked or under cooked camel 
meat, drinking of  unpasteurized milk and urine from camels and 
avoid close proximity with camels. There was minimal human 
to human transmission. The transmission mostly occurred due 
to close contact with severely ill patients and transmission from 
asymptomatic cases was never established.[13]

A total number of  2519 laboratory confirmed cases, with 866 deaths 
having a case fatality of  34.3% was reported till this year. Most of  
cases were reported from Saudi Arabia and around 26 countries 
were affected with pandemic. No specific antivirals or vaccine could 
be developed for this disease. The studies done on various treatment 
modalities like use of  antivirals like Ribavirin and Interferons did 
not show much success in management of  cases infected with 
MERS‑CoV.[14] The virus got contained by isolation of  cases and 
local containment measures eventually controlling the pandemic.

Pandemic 4: The Ebola Virus Pandemic

The Ebola virus pandemic that lasted from 2013 till 2016 is by far 
most widespread Ebola virus disease (EVD) epidemic reported 
so far. The disease was first reported from Guinea in late 2013 
and then it spread to Liberia and Sierra Leone.[15]

EVD or Ebola hemorrhagic fever (EHF), is a viral hemorrhagic 
fever. It is caused by Ebolaviruses belonging to family Filoviridae 
in the order Mononegavirales.[16] Zaire Ebola virus was the cause 
of  EVD in the year 2013–2016 in western Africa. It caused 
significant mortality. The main route of  transmission was direct 
contact with blood or infected body fluids.[17] The source of  initial 
infection from animals to humans was in fact contact with the 
infected bat body fluids.[18]

The initial case was an 18‑month‑old boy, in Guinea, who got 
infected from bats in December 2013. Following this by March 
2014, there were 49 confirmed cases and 29 deaths, reported to 
the WHO. In 2015 it spread across countries in Africa and outside 
Africa to Spain, USA, UK, Italy, etc., In Africa itself  there were 
approximately 30,000 cases with 12,000 deaths.[19] The pandemic 
finally got contained by strict containment measures that were 
taken; very efficient contact tracing and community surveillance. 
All the cases were registered and immediately all contacts were 
traced and contained. An efficient community awareness of  
risk factors and encouraging people to use protective measures 
like avoiding contact with infected people and adopting hand 
hygiene, reduced large scale spread of  infection. There was no 
specific antiviral treatment.[20] However, in July 2015, a vaccine, 
rVSV‑ZEBOV, was launched that showed high efficacy in 
individuals. The pandemic was called over in 2016 and finally, 
rVSV‑ZEBOV received regulatory approval in 2019.[21]
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Pandemic 5: Zika Virus Epidemic

Zika virus (ZIKV) is a virus that spreads through the bite of  the 
Aedes mosquitoes: A. aegypti and A. albopictus. These mosquitoes 
have a typical day‑biting tendency. The virus was named after 
the Zika forest of  Uganda, from where it was first reported in 
the year 1947.

The disease caused by this virus is called Zika virus disease 
or simply Zika fever, a minor illness with fever and rash. The 
virus also demonstrates vertical transmission from infected 
pregnant female to her fetus, and can cause microcephaly and 
other major brain abnormalities.[22] The virus belonged to 
family Flaviviridae and genus Flavivirus.[23] The virus normally 
infects monkeys and is maintained in circulation in the 
enzootic cycle of  mosquito‑monkey‑mosquito. Like other 
flaviviruses, human beings are accidental hosts to the virus. 
The most important transmission in the Zika virus disease 
is vertical transmission, at the time of  delivery or during 
antenatal period causing neuronal abnormalities ranging from 
microcephaly to development of  neurocognitive disorders in 
adulthood.[24]

The pandemic started in 2015 and a total number of  87 countries 
were affected.[25] The control of  the pandemic was done by case 
identification, controlling mosquito spread and other preventive 
measures. There is no specific antiviral treatment however trials 
are going on for development of  a successful ZIKV vaccine. 
Three vaccine designs have reached the stage of  human trials 
but still an effective vaccine is yet to come.[26]

Pandemic 6: SARS‑CoV2 Pandemic

The SARS CoV‑2 pandemic, is an ongoing global pandemic 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS CoV2) virus and the disease is caused by it is corona 
virus infective diseases (COVID‑19). The virus belongs to the 
Coronaviridae family and the virus is an enveloped, positive‑sense, 
single‑stranded RNA virus. Corona viruses are known to cause 
infections in amphibians, birds, and mammals. Coronaviruses 
have initially originated from bats and rodents. The primary 
route of  transmission is respiratory and is transmitted from 
droplets through coughs and sneezes up to a range of  
approximately 6 feet. Some studies have pointed towards a 
possibility of  the virus being airborne as well.[27] Another 
mode of  transmission is by indirect contact with contaminated 
surfaces.[28] The major and common clinical features include 
fever, cough, weakness, loss of  sense of  smell and taste. Further 
complications of  the disease include acute respiratory disease 
with pneumonia.[29] Preventive measures aimed at decreasing the 
chances of  infection include hand hygiene, surface disinfection, 
wearing face masks, and avoiding close contact with those 
showing flu‑like symptoms.[30] Many countries have adopted 
social distancing strategies such as cancelling large public 
gatherings, shutting down schools, colleges, offices, and putting 
restrictions on travel.

It was first reported from Wuhan, Hubei province of  Central 
China in month of  December in 2019.[27] The outbreak was further 
declared a public health emergency of  international concern on 
30th January and declared as a pandemic on 11th March 2020.[31] 
As of  27th Dec 2020, COVID19 pandemic has affected more 
than 188 countries across the world, with 79,232,555 confirmed 
cases and 1,754,493 deaths. The pandemic has led to massive 
disruption of  both social and economic infrastructure, affecting 
millions of  people.[32] At present there is no established treatment 
for the management of  COVID‑19 and patients are managed 
symptomatically.[33] Apart from antiviral drugs a new modality of  
treatment has been tried with success against COVID‑19 which 
is known as convalescent plasma therapy. Blood of  previously 
COVID‑19 infected patients contains neutralizing antibodies 
against SARS CoV‑2 virus. Thus, the plasma from these patients 
containing antibodies is given to neutralize the virus.

Success with the effective vaccine has come. There are 3 major 
candidates of  vaccine that are being tried, inactivated virus 
vaccine, vaccine using messenger RNA of  virus (mRNA based) 
and vaccines utilizing recombinant protein of  SARS CoV‑2 on 
other viral vector.[34,35] Hopefully with these efforts very soon 
control over this pandemic is also done.

Discussion

The ongoing Covid‑19 pandemic has not only impacted global 
healthcare infrastructure, but has also affected world economy 
and socio‑political framework, effectively bringing the entire 
world to a standstill. Hence, there was a need to conduct a review 
of  the various viral pandemics that have occurred in the past 
to understand their origin, transmission and measures that were 
taken to prevent and control them.

The first observation made during the course of  this study was 
that the frequency of  occurrence of  pandemics is increasing with 
time. Earlier, large‑scale epidemics spanning various continents 
were a twice or thrice a century phenomenon, but we have 
experienced 6 major pandemics in the last 20 years itself. This is 
due to enhanced globalization, air travel, increasing population and 
entering into animal habitats; thereby increased close association 
with them.[36] There has also been a change in socializing behavior 
of  people, with mass gatherings becoming more and more 
common, contributing to rapid spread of  diseases.[37]

Another observation made in this study was that viruses 
responsible for major pandemics in last 2 decades were air‑borne 
and of  animal origin.[38,39] Growing urbanization has led to the 
encroachment of  forest areas by humans, thus increasing animal 
to human contact and in turn, the chances of  acquiring viruses. 
Hence, lack of  regulation of  handling of  animals and animal 
products, rising animal‑human contact  (especially in case of  
wild areas), lack of  basic hygiene practices, cough etiquettes 
and a general lack of  awareness about spread of  viruses and 
air‑borne diseases has contributed significantly to widespread 
rise in occurrence of  these pandemics.
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Owing to experiences in handling of  previous pandemics, it has 
been observed that the global healthcare community is much 
better prepared and equipped for handling and management of  
pandemics now, than it was before. Table 1 describes the various 
steps taken to curb outbreaks in the past two decades. This is 
evident from the fact that the time taken from identification of  
the first case of  the virus, to its complete genome sequencing, 
making several diagnostic tests and now the development 
and licensing of  vaccines are much faster than the previous 
pandemics. Within a few weeks of  its identification, clinical trials 
for the vaccine and other therapeutic interventions were initiated 
within a month.[40]

Despite this knowledge, the ongoing COVID‑19 pandemic has 
emerged as one of  the most fatal disease outbreaks known to 
mankind. This can be attributed to extremely high transmissibility 
of  the virus, human to human transmission at a very early stage 

of  the pandemic, more prominent community spread, and 
transmission from asymptomatic cases, which has led to an 
extremely huge surge of  infection.

Therefore, the following steps must be followed to slow down 
the spread of  viruses and prevent such outbreaks in future years:

First, all countries must make laws to regulate handling of  
animals and animal products, (especially exotic/wild species) 
and wet markets with stringent adherence and enforcement. 
Second, basic hygiene practices like hand washing, and use 
of  sanitizers and disinfectants must be promoted. Social 
distancing, following air‑borne infection control practices and 
cough etiquettes like, using a handkerchief  while coughing/
sneezing, wearing a mask when experiencing even mild flu‑like 
symptoms etc., should be made a norm, especially during mass 
gatherings and air travel.

Table 1: Steps Taken to Tackle Pandemics of Last Two Decades
Pandemic Duration Steps Taken to Curb Outbreaks
Severe acute respiratory 
syndrome corona virus 
infection (SARS CoV1)

2002‑2004 Syndromic surveillance
Rapid isolation of  cases
Strict isolation of  all contacts
Community‑level quarantine in some areas
Closure of  schools, universities and public places.
Control of  human to human transmission of  disease during early phase of  the pandemic.[41]

Influenza A H1N1 2009 
(Swine Flu) Pandemic 

2009‑2010 Activation of  Emergency Operations Centre within one week.
Development of  real‑time PCR test within two weeks.
There were no travel restrictions or closing of  international and domestic borders.
Quick home isolation of  all with flu symptoms for either seven days or until symptoms subsided.
Early quarantine of  all foreign visitors suspected of  having being in contact with infected people.[42]

Middle East respiratory 
syndrome (MERS) CoV 
infection

2012‑present Enforcement of  a rapid response team, with infectious disease doctors and infection control professionals.
Rapid tracking and alert system for index cases
Prompt implementation and development of  airborne infection control guidelines
Training of  healthcare workers for important infectious diseases was encouraged
Measures were made for controlling overcrowding in hospitals[43,44]

Western African Ebola 
virus epidemic 

2013‑2016 All potential transmissions after reporting of  the first case were tracked
Vaccination of  not just patients, but also of  front‑line healthcare workers, people in contact with confirmed 
cases, and their contacts was carried out.
New quarantine and treatment facilities were constructed.
Mobile laboratories were set up and technicians trained to test Ebola samples.
Public health measures such as promoting hand hygiene, wearing masks, gloves etc., were put in practice.
Safe burial practices also helped to control infection
Screening of  passengers at domestic and international ports and airports was done to check transmission.[45]

Zika Virus Epidemic 2015‑2016 Genetically modified Aedes aegypti mosquitoes were released throughout Brazil on approval of  country’s 
National Biosafety Committee, to control transmission of  Zika virus.
Brazilian President released a decree that lead to an increase in access to private property by local and federal 
pest control agents. This was required for controlling and eliminating Aedes mosquito outbreaks in Brazil.
Mass awareness and education activities to control mosquito breeding and vector control measures.[46]

SARS CoV2 infective 
disease (COVID19) 
pandemic

2019‑present A strategy of  screening, containment and mitigation has been adopted to control outbreaks
In Screening, devices such as Infrared thermometers/Temperature scanners are being used to detect fever 
associated with the coronavirus disease.[47]

In Containment, those who have tested positive, as well as their contacts are traced and isolated.
Mitigation stage involves steps that are taken to control the spread of  infection and reduce its effects on the 
healthcare infrastructure.
Preventive measures to control transmission include proper hand hygiene, wearing face masks, maintaining 
6ft social distance.
Schools, universities and workplaces across the globe have been closed. There has been
cancellation or postponement of  almost all major sporting, cultural, religious events.
International borders were closed, and flights suspended. Domestic travel was restricted in some countries.
Several countries have also imposed curfews and bans on mass mobility.[48]
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Finally, there is a need to increase information and education (IEC) 
about the origin of  viral infections, their mode of  transmission 
and preventive strategies to promote awareness among the 
general population and curb rising incidences of  disease 
outbreaks.

Conclusion

Viral pandemics are increasing in frequency and infectivity. 
Great caution should be taken against airborne viral infections 
especially due to inter species transmission. Such pandemics have 
affected large populations and have caused considerable havoc 
on healthcare systems, especially those in developing countries. 
The recent SARS CoV‑2 pandemic has brought the whole world 
to a virtual standstill severely affecting the world economy. 
Lessons must be learnt from such pandemics so that adequate 
strengthening of  the healthcare infrastructure and systems can 
be done in order to prevent or mitigate the long‑term effects of  
such pandemics especially in low and middle‑income countries, 
which are as such struggling with poor health infrastructure. 
Primary healthcare physicians are important vehicles to bring 
these practices to more and more people, hence educating them 
is important.

Summary points

The current review article focuses on the various viral pandemics 
that have occurred in the past and how they were controlled. 
Lessons must be learnt from such pandemics so that adequate 
strengthening of  the healthcare infrastructure and systems can 
be done in order to prevent or mitigate the long‑term effects 
of  such pandemics. Primary healthcare physicians are the first 
contact with health services hence their knowledge is of  utmost 
importance if  we want to strengthen our public health care 
infrastructure.
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